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Spanish Levantine Rock Art is a unique pictorial expression within the prehistoric European context.
Located in shelters in the inland regions of the Iberian Mediterranean basin, this art form, which must be
necessarily studied in the frame of the process of neolithization of this territory, still lacks direct dating,
and therefore its authorship is still open to debate.
In this paper we present the ﬁrst characterization of black pigments used in the Cova Remigia shelters
in the Valltorta-Gassulla area (Castellon, Spain) by means of EDXRF spectrometry combined with SEM-
EDS and Raman spectroscopy. Our aim is both to identify the raw material used for the preparation of
black pigments and to make a ﬁrst approach to the cultural choices involved in its use.
The results are relevant for several reasons. Firstly, carbon-based black pigments have been identiﬁed
for the ﬁrst time in northern regions of Levantine rock art. Secondly, the recurrent use of black pigments
in Cova Remigia questions the assumption of its restricted use in Spanish Levantine art. Thirdly, posterior
repainting and graphic re-appropriation of black ﬁgures have been observed in Cova Remigia, giving rise
to the combination of two colours, black and red, fact that is extremely rare in this rock art tradition.
Finally, the identiﬁcation of organic matter in the black pigments opens the possibility of radiocarbon
dating.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
The rock art of the Spanish Levant is a prehistoric graphic
expression mostly documented in the Iberian Mediterranean basin.
Discovered at the beginning of the 20th century, this art form is
mainly characterized by the following features: it is located in
open-air rock shelters, the human ﬁgure has a predominant role in
scenes portraying economic and social activities and red pigments
largely prevail (Cabre, 1915; Beltran, 1968; Villaverde et al., 2012;
etc.).
The chronology of Levantine paintings has been the subject of
controversy. There are currently two main opposing views: some: þ33 5 61 50 49 59.
esther.lopez-montalvo@univ-
s (V. Villaverde), clodoaldo.
Murcia), ernestina.badal@uv.studies claim that these paintings were produced by late Mesolithic
hunters-gatherers, thus establishing a connection to the Palae-
olithic tradition (Mateo Saura, 2005, 2009; Vi~nas et al., 2010; etc.),
while others consider that this form of art belongs to the Neolithic
agro-pastoral communities (Molina et al., 2003; García et al., 2004;
Martí, 2003; Martí and Juan-Cavanilles, 2002, 2013). The ﬁrst view
is only supported by arguments regarding hunting themes, one of
the main activities portrayed in Levantine art. In contrast, the
second is based on both the archaeological context, regarding the
spatial distribution of Levantine rock art shelters related to pre-
historic population settlements, and on the graphical context,
considering the Levantine motifs superimpositions on Early Sche-
matic Art, dated to Neolithic period. The second point of view is also
supported by the chronology suggested by the material culture and
social and economic activities portrayed.
So far, research was mostly limited by two main practises: the
selective recording of panels according to subjective criteria and
studies focused on the interpretation of the meaning of scenes.
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methods and in the study of rock art has taken place and has
strongly contributed to provide a new insight into Levantine art.
Two main achievements can be pointed out: a) the character-
ization of spatio-temporal changes concerning style, execution
techniques and themes, revealing concurrently that engraving
was also used in Levantine depictions (Utrilla and Villaverde,
2004); and b) the incorporation of Geographical Information
Systems (GIS) in order to reconstruct the stylistic cartography and
to assess the relation of stylistic horizons to other archaeological
evidences. In fact, spatial analyses have become a fundamental
archaeological procedure that could compensate for the difﬁculty
of obtaining direct dating of paintings that were mainly executed
with mineral pigments. Some attempts to date oxalate layers
covering Levantine paintings have been carried out (Hernanz
et al., 2006; Ruiz et al., 2006, 2009, 2011, 2012), but it is worth
noting that these methods have certain limitations when applied
to open-air panels.
In this paper we present new technical discoveries concerning
the preparation mode and the utilization of black pigments in
Levantine paintings. The study carried out in the Cova Remigia
shelters allows us to conﬁrm both that the black pigment, so far
identiﬁed as a manganese-based pigment in the Valltorta-
Gassulla region, was also obtained from organic materials and
that black colour was more frequently used than what was pre-
viously thought, especially during some stylistic phases of
Levantine rock art. The identiﬁcation of carbon-based black pig-
ments points to the possibility of radiocarbon dating representing
a major step towards the resolution of the chronological contro-
versy that has affected these prehistoric paintings since their
discovery.2. Spanish Levantine rock art
2.1. Pigments: towards a deeper understanding of prehistoric
societies
The study of pigments is not limited to themere identiﬁcation of
their chemical composition. Pigments are a potential source of in-
formation regarding the provenance of the raw materials and the
technical processes used for their preparation and application
(Pomies et al., 1999; Chalmin et al., 2003; Menu, 2009; etc.). In
short, knowing the various phases of the chaîne operatoire for the
processing of pigments can help us to consider prehistoric societies
from different angles: a) territories and exploited areas in an eco-
nomic perspective; b) characterization of the technical processes
for the preparation and application of pigments in a social
perspective; c) emphasis on recurrent sequences of gestures
revealing social practises. For instance, particular tradition and
style, but also symbolic and ritual features, may be linked to the use
of pigments. In addition to these socio-economic aspects, the
presence of organic components offers the possibility of obtaining
absolute radiocarbon dating.
Studies of pigments, despite of their interest, have received little
attention in Levantine art. Systematic chemical analyses have only
become essential in recent years (Roldan et al., 2007; Roldan, 2009;
Alloza et al., 2009; Roldan et al., 2010; Hernanz et al., 2010; Vazquez
et al., 2011; Mas et al., 2013; etc.). The attention was centred on the
identiﬁcation of the main components of the pigment and on the
presence of trace elements that were characteristic of a particular
shelter. Due to the large uniformity in the composition of the red
pigments that are mostly used in Levantine tradition, pigment
analyses have scarcely contributed to the temporal and stylistic
assessments and to the characterization of territorial networks.2.2. The Levantine rock art artists' palette
The Levantine rock art artists' palette is made up of three col-
ours: red, black and white, but their frequency and territorial dis-
tribution are quite heterogeneous.
Red pigments are present throughout the whole temporal
sequence and are widely prevailing throughout the Levantine rock
art territory. Iron oxides (haematite) have so far been identiﬁed as
the basic raw material for red pigments in the Valltorta-Gasulla
area; these ﬁndings agree with those obtained in other Levantine
regions (Hernanz et al., 2006; Resano et al., 2007; Alloza et al.,
2009; Hernanz et al., 2010). The presence/absence of impurities
or trace elements in these red pigments points to the use of
different raw materials. In the Saltadora and the Cingle de la Mola
Remigia shelters, we have analysed red pigments with reddish hues
linked to the presence of manganese (Mn), arsenic (As) or lead (Pb)
as trace elements, or to the intentional addition of black manganese
oxides (Roldan et al., 2010, 2014). However, we must take into
consideration that the wide chromatic range found in red paints is
not only due to chemical composition but also to the fossilization
and weathering processes that these paintings have suffered.
White pigments are not frequently used. For monochrome ﬁg-
ures, it has only been documented in the Albarracín area (Teruel)
(Pi~non Varela, 1982). As a complement to red colour, white pig-
ments were also identiﬁed in Valltorta-Gassulla (Castellon) (Cabre,
1925; Villaverde et al., 2006; Domingo, 2006; Lopez Montalvo,
2007) and in Villar del Humo-Sierra de las Cuerdas (Cuenca)
(Ruiz, 2006). In these cases, white was used to highlight ﬁgures, to
complete interior ﬁllings or to add ornaments. In the light of these
new ﬁndings, the infrequent use of white in the Spanish Levantine
tradition might be questioned, especially because white is hard to
observe in situ and is particularly sensitive to degradation factors.
Regarding its chemical composition, recent analyses carried out at
the Villar del Humo shelters (Cuenca) (Ruiz et al., 2012) have
pointed to the use of a complex mixture of minerals such as
anatase, quartz, and a type of white clay found at surface levels in
the area (Hernanz et al., 2008, 2012).
Finally, black pigments are less common than red ones, but in
contrast to white pigments, their use is not limited to some tem-
poral sequences or to particular geographical areas. So far, in the
Valltorta-Gasulla area, analyses have allowed identifying black
pigments containing manganese oxides (Roldan et al., 2007, 2010).
On the other hand, in southern Levantine regions, analyses have
detected black pigments of carbonaceous nature (Montes and
Cabrera, 1991e1992; Ballester et al., 2010). The denomination car-
bon-based black pigments includes many carbon-containing pig-
ments, such as vegetable or plant blacks, ivory/bone black or animal
black, lampblack, graphite, etc., regardless of whether it is the sole
element or the main ingredient. Vegetable carbon pigments have
been identiﬁed in prehistoric paintings since the Upper Palaeolithic
(Clottes, 1993; Menu andWalter, 1996; Ospitali et al., 2006; Winter
and West FitzHugh, 2007; Arias et al., 2011; Olivares et al., 2013
etc.). They could probably be the ﬁrst carbon-based black pig-
ments used in the history of humanity, since these pigments can be
used directly as charcoal (vegetal carbon) or graphite (mineral
carbon) sticks, without relying on binding agents making its
application easier (Insert Supplementary Fig. 1 here).
3. Experimental techniques
3.1. The study framework
The data reported in this paper are the result of our work in Cova
Remigia, a set of ﬁve shelters and a neighbouring wall, located in
the Valltorta-Gasulla gorges (Castellon, Spain) (Fig. 1).
Fig. 1. a. Geographic location of the Cova Remigia Shelters (Castellon, Spain). The colour red indicates the territory covered by Levantine Art. b. Floor plan of Cova Remigia. c. Left
side of the Cova Remigia shelters. Shelter IV and V locate all the black ﬁgures documented in this site. (For interpretation of the references to colour in this ﬁgure legend, the reader
is referred to the web version of this article.)
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publication by J.B. Porcar et al. (1935). Subsequent work by E. Sarria
(Sarria Boscovich, 1988e1989) considerably increased the number
of known ﬁgures (975 motifs), making of this shelter the ﬁrst
assemblage in number of representations in the Valltorta-Gassulla
region. Recent cleaning operations carried out as a preventive
measure have revealed more motifs that were covered by dust and
calcareous accretions.
Cova Remigia is not only important quantitatively. Its stylistic
variety includes the ﬁve stylistic horizons so far characterized in the
regional context by means of the formal and technical analysis of
the human ﬁgure (Villaverde et al., 2002; Domingo et al., 2003;
Domingo, 2006; Villaverde et al., 2006; Domingo et al., 2007;
Lopez Montalvo, 2007, 2009; etc.). Stylistic differences reﬂect a
diachronic exploitation of panels in which ﬁgures from different
phases are integrated in complex compositions with a common
narrative thread. Concerning the theme of the scenes, Cova Remigia
stands out for the representation of violent scenes that are not
frequent in Levantine rock art (Porcar, 1945, 1946; Lopez Montalvo,
2011a). Further technical factors related to the raw materials of
pigments and the design of ﬁgures make of Cova Remigia an
exceptional site.
3.2. Spectroscopic techniques
EDXRF analyses were performed on 52 points from 25 black
motifs (34 points on black pigment and 18 points on the bare rock
surface lacking of black pigmentation). These 25 motifse 15 human
ﬁgures, 6 animals, 1 animal track and 3 undeﬁned motifs e have
been selected among the 48 black ﬁgures documented in the siteconsidering several criteria: conservation, relevant stylistic and
technical information, as well as easy access for the analytical
devices.
To study the elemental composition of black pigments, we have
used two types of analyses: a) in situ and non-destructive analysis in
order to preserve the integrity of paintings; and b) ex situ analysis
on micro-samples of a limited set of black ﬁgures, due to re-
strictions of regional Heritage politics of preservation, in order to
check the results of non-destructive analysis.
In situ analyses have been carried out by means of a portable
Energy Dispersive X-ray Fluorescence (EDXRF) spectrometer
(Roldan et al., 2010), which consists of an X-ray tube (Ag trans-
mission anode, 30 kV, 0.1 mA) and a semiconductor Si-PIN detector
with an energy resolution of 180 eV (FWHM @ 5.9 keV). Both de-
vices were incorporated into a mechanical support that allows XYZ
movements in order to conﬁgure the angular geometry for the
tube, the sample and the detector. The analyses were carried out
with normal X-ray beam incidence on the sample, keeping the
detector at a 45 angle, and with an excitation-detection time of
200 s. The distance between the sample and the detector was 2 cm.
An aluminium collimator placed at the end of the tube provided an
irradiation area of 3 mm in diameter. EDXRF spectra were pro-
cessed using the PyMCA software (Sole et al., 2007), and were
normalized to the total area of the spectrum in order to diminish
the importance of geometrical effects and ﬂuctuations of the tube's
intensity (Insert Supplementary Fig. 2 here).
Additionally, selected sub-millimetre micro-samples were ob-
tained from black ﬁgures and were analysed by scanning electron
microscopy-energy dispersive spectrometry (SEM-EDS) and Raman
spectroscopy in order to get around the impossibility of identifying
Fig. 2. EDXRF spectra of black pigments applied on a calcareous rock: a. manganese
black; b. ivory black; c. charcoal black.
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spectroscopy was undertaken using a HORIBA Jobin Yvon iHR320
spectrometerwith a Peltier-cooled CCD detector and a 405 nm laser
diode providing excitation with maximum power of 3 mW. The
samples were measured in backscattering geometry at room tem-
perature. A 50 microscope objective was used to focus the exci-
tation laser on the sample and registering the scattered light by the
spectrometer. SEM-EDS analyses were performed by using an S-
4800 (HITACHI) scanning electron microscope with a spotlight of
ﬁeld emission (FEG) with a resolution of 1.4 nm at 1 kV coupled
with an energy-dispersive X-ray spectrometer (Bruker) for the
elemental chemical analyses.
4. Results and discussion
4.1. Technical analyses
The structure of Levantine paintings in Cova Remigia can be
described from a stratigraphic model that distinguishes three main
layers whose thickness and composition play an important role in
assessing the results of the EDXRF analyses: a) the limestone
bedrock surface over which the pigments are applied, mainly
composed by calcium carbonates, calcium sulphates and iron ox-
ides, is considered as a material of inﬁnite thickness from the point
of view of the XRF radiation; b) a paint layer with a thickness of a
few microns applied over the rock (Resano et al., 2007); and c) a
surface patina that covers the motif itself, produced by the action of
microorganisms or by the interaction between the wall and the
environment. These patinas are mainly composed of oxalates, cal-
cium carbonates or calcium sulphates, and their thickness reaches
up to few tens of microns (Hernanz et al., 2006; Resano et al., 2007;
Hernanz et al., 2010). The penetration depth of the XRF radiation
into the surface patina, assuming a composition similar to oxalates
(CaC2O4) and a density of 2.2 g/cm3, irradiated with a continuum X-
ray spectra of 30 kVwith a maximum of 20 keV giving rise to 50% of
ﬂuorescence radiation, is about 700 mm. Thus, the radiation from
the EDXRF spectrometer used in these analyses can penetrate the
superﬁcial patinas and excite the ﬂuorescent radiation of the
chemical elements present in the paint layer. However, the thick-
ness of the superﬁcial patina is a critical parameter that determines
the possibility to detect the ﬂuorescence radiation of the light el-
ements from the pigment layer due to the attenuation created by
the patina. Considering a paint layer whose elements emit a char-
acteristic radiation of about 6 keV (manganese or iron), an oxalate
layer of 80 mm thick would attenuate 90% of the emitted radiation.
For lighter elements such as phosphorus, whose characteristic ra-
diation has an energy of 2 keV, a patina of 20 mm thick would
attenuate 90% of the radiation from this element. Therefore, the
optimal detection of chemical elements from a paint layer under a
superﬁcial patina depends on the thickness and composition of the
patina. Over the paint layers of the Cova Remigia samples, super-
ﬁcial patinas with thickness ranging from 10 to 25 mm have been
detected, so the thickness of the superﬁcial patinas must be taken
into consideration for the identiﬁcation of light elements such as
phosphorous in a EDXRF spectra of a pictorial motif.
When X-rays have enough energy to penetrate through the
patinas and the paint layer, the EDXRF spectrum of a motif includes,
simultaneously, information about the composition of the pigment
layer and the rock support elemental composition (Roldan et al.,
2010). Analyses were carried out on selected points, recording the
spectra of the rock surface and the spectra of black pigments
separately. Discrimination between the characteristic elements of
the pigment and those of the rock support was established by
comparison of EDXRF spectra from the black pigment and from the
unpainted rock surface next to the ﬁgure (Sanoit et al., 2005;Roldan et al., 2010, 2013). If the EDXRF spectra from black ﬁgures
are similar to the spectra from the close unpainted rock surface (in
relation to the detected elements and intensity of their ﬂuores-
cence lines), the pigment will probably be a charcoal black. On the
other hand, if the spectra of the black pigmented area and the bare
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plant based black pigments were used as rawmaterial. WhenMn is
the distinctive element, we postulate the use of manganese-based
black pigment, and when the distinctive element is phosphorus,
probably a bone-based black pigment was used. To illustrate theFig. 3. a. Black pigment and bedrock EDXRF spectra from the human ﬁgure 1eV. The
fact that both spectra are indistinguishable suggests the use of carbon-based black
pigment. b. Raman spectra of black pigment samples from the human ﬁgure 1eV. Solid
line: reference charcoal black; dashed line: black pigment on oxalate crush; dotted
line: black sample after removal oxalates. c. SEMmicrograph of the black pigment from
the human ﬁgure 1eV.capability of the portable EDXRF spectrometer to identify parietal
pigments based on manganese black, bone black or charcoal black,
we prepared surrogate samples by applying these three pigments
on a limestone surface and we compared the EDXRF spectra from
pigmented and non-pigmented areas. XRF spectra shown in Fig. 2
contain the detected elements that distinguish the black pigment
from the rock support: Mn in the case of manganese black (Fig. 2a)
and P in the case of ivory black (Fig. 2b). When the applied black
pigment is charcoal, the EDXRF spectra of the limestone and the
black pigment are indistinguishable (Fig. 2c). In the case of Cova
Remigia, black pigments and rock surface EDXRF spectra (Fig. 3a)
are indistinguishable. This indicates that the black pigment consists
of light elements that cannot be detected by EDXRF analysis, which
leads us to conclude that carbon-based black pigments were used,
and to reject the use of mineral black pigments due to the absence
of key elements such as manganese, iron and copper which are part
of the oxides and sulphides characteristic of black earths.
In order to positively identify these black pigments, microscopic
samples from one black human ﬁgure (1eV) were scraped and
analysed by Raman and SEM-EDS to obtain detailed information
regarding its elemental composition, molecular structure and
morphology (Smith et al., 1999; Edwards et al., 2000; Tomasini
et al., 2012; Bonneau et al., 2012). The collected samples included
portions of black pigment adhered to spallated fragments of the
substrate and covered by calcareous accretions. Raman measure-
ments were made directly on black pigments with calcareous ac-
cretions and on black particles that were extracted from the
surrounding calcium compound with 1 M EDTA and an ultrasonic
bath at room temperature. Raman microanalysis of the black
pigment particles from the human ﬁgure 1eV present two broad
bands at ca 1330 cm1 and ca 1580 cm1, characteristic of amor-
phous carbon (Fig. 3b). In this sample, the band at ca 961 cm1
(typical of the hydroxyapatite) and the bands at ca 620 and
670 cm1 (typical of the manganese oxides) are not present, so
bone black and manganese black oxides are excluded as raw ma-
terials. Raman spectra of the untreated samples showoxalate bands
at the range of 1200e1700 cm1.
SEM morphology of black pigments showed amorphous parti-
cles mixed with black particles that can be related to the
morphology of the raw material (Badal, 1987e1988). Probably,
these char particles come from partly pulverized cell wall struc-
tures, channels and holes associated to the dehydration of wood,
and consequently the morphological features are difﬁcult to see
(Fig. 3c). The micro-EDS analyses of the amorphous particles show
abundance of sulphur and calcium, which indicates the presence of
calcium sulphate. Black particles of the sample indicate that carbon
is the main element and calcium and potassium are minor
elements.
Taking into account both the EDXRF analyses and the results of
the Raman and SEM analyses of themotif 1eV, we can postulate the
use of carbon-based black pigments as raw material not only for
this motif but also for the 24 other motifs analysed in Cova Remigia.
The thickness and intensity of the paint layers and surface patinas
are highly variable. Therefore, it makes no sense to undertake a
quantitative study since the aim of this paper is to present quali-
tative data relative to the discriminatory elements detected in
pigmented areas and the rock surface.
4.2. Stylistic approaches
Focussing on social aspects involved in the selection of raw
materials, the preparation mode and the use of prehistoric pig-
ments, two main ideas emerge from the results obtained in Cova
Remigia: a different and an unusual pattern in the choice of vegetal
carbon to obtain black colour and in the manner and frequency
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panels.
Regarding the use of black pigment, Cova Remigia is exceptional
for various reasons. Firstly, due to the large number of ﬁgures
executed in blacke 48 identiﬁable ﬁgures, plus a large quantity of
strokes and stains that are difﬁcult to count and identify due to
their bad preservation e. Black pigments were used interchange-
ably to draw human and animal ﬁgures showing a formal variability
that suggest the use of black pigments at different moments during
the diachronic construction of the panels. Secondly, due to the
technical aspects associated with their use. Some of the ﬁgures
originally painted in black have been subjected to later trans-
formations. The modiﬁcations can consist in a formal change
(repainting) or in the addition of new elements, which indicates a
graphical and narrative re-appropriation. In both cases, this trans-
formation involved an intentional use of two colours
combinationse red and blacke, which is a rare practice in Levan-
tine rock art.
It is necessary to assess a stylistic and technical study of these
black motifs in order to characterize the presence of patterns or
recurrent rules that can help us to decrypt the social codes that
regulate the use of carbon-based black pigments at this site.
4.2.1. Monochromatic motifs
The 48 monochromatic motifs executed originally in black show
a signiﬁcant spatial concentration in shelters IV and V, being
particularly abundant in the second (Tables 1 and 2).
Our stylistic assessment includes all these ﬁgures, even those
that were repainted in red during a later stage. Our objective is to
determine the beginning and the temporal extension of the use of
carbon-based black pigments and the advent of appropriation and
repainting/reconstruction phases of certain ﬁgures by using red
pigments. In order to do that, we will take into account the stylistic
sequence previously established for the Valltorta-Gassulla areaTable 1
Number of ﬁgures drawnwith black pigment on Cova Remigia shelter IV classiﬁed in: mon
sketches and graphic-narrative appropriations.
Shelter IV Monochrome Two-colours repainted Tw





Caprids (undetermined sex) 1
Female/young wild goat 1
Male wild goat 1 1 1
Unidentiﬁed motif 3
Total 11 2 1
Table 2
Number of ﬁgures drawnwith black pigment on Cova Remigia shelter V classiﬁed in: mon
sketches and graphic-narrative appropriations.
Shelter V Monochrome Two-colours repainted Tw






Female/young wild goat 1
Male wild goat
Unidentiﬁed animal species 1
Unidentiﬁed motif 7 1
Animal track 1
Total 18 11 2(Villaverde et al., 2002; Domingo, 2006; Lopez Montalvo, 2007;
etc.).
The design of black human ﬁgures, even if we observe some
formal variations, points to the recurrent use of carbon-based black
pigments during the latest phases of the stylistic regional sequence
e so-called Linear horizone characterized by a trend that tended
towards formal simpliﬁcation with important variations concern-
ing the anatomical proportion, the modelling strokes and the way
ornaments and weapons are depicted (Villaverde et al., 2002;
Domingo, 2006; Lopez Montalvo, 2007). However, the presence
of two human ﬁgures showing different formal features from those
described above and even the formal variations perceived in these
linear ﬁgures (Fig. 4) led us to believe that different authors,
probably in different times, contributed to the panel.
Regarding animal ﬁgures, the use of black pigments is not
exclusively limited to particular species or type of design (different
anatomical proportions, perspectives, movement or drawing ac-
curacy). Again, these variations suggest a temporal amplitude and/
or the participation of different authors. Wild male and female
goats, a species that is commonly represented in Valltorta-Gassulla,
is also the most common species depicted in black. A wild boar and
a female deer in inverted position have also been documented
(Fig. 5).
4.2.2. Two-colour ﬁgures: repainting, reconstruction and graphical
and narrative appropriation
Some of the black motifs described above have been subjected
to transformation processes such as total or partial repainting in red
colour. These processes not only have modiﬁed the original shape
of the ﬁgures but, by the addition of new graphic elements, they
have also modiﬁed or given a new interpretation to the narrative.
EDXRF spectra suggest the use of a carbon-based black pigment for
the initial motifs, while the areas repainted in red present a high
iron ﬂuorescence peak associated to the use of red iron oxides.ochrome ﬁgures; repainted or reconstructed ﬁgures in red, partially repainted in red;








ochrome ﬁgures; repainted or reconstructed ﬁgures in red, partially repainted in red;








Fig. 4. Digital tracing of human ﬁgures from the Cova Remigia shelters (Castellon, Spain) painted in black. a. Figures from the linear style period. Variations in the anatomical
proportions and the stroke can be appreciated. bec. Black human ﬁgures belonging to other unclassiﬁable stylistic periods.
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different processes leading to two-colour combination can be
described.
4.2.2.1. Repainting processes. We suggest that the two-colour
combination observed in Cova Remigia is the result of a
diachronic repainting that often involves the modiﬁcation of the
silhouettes and the proportion of ﬁgures originally executed with
black pigments, with the intention of distinguishing the repainting
phase. We adopt this view not only because a different colour was
used, but also for technical reasons. For instance, in the case of the
archer squad or the archer hunting the wild goat in shelter IV
(Fig. 6), the difference in the repainting may be due either to a lessFig. 5. Digital tracing of animal ﬁgures painted in black from the Cskilled painter or to the use of less precise “brushes” creating rough
and careless silhouettes. Therefore, this two-colour combination
does not seem to be connected to an intentional and synchronic
combination of colours for the original design of the ﬁgures.
However the time span between the two execution phases cannot
be easily established. In this sense, it is worth noting that some
Linear style ﬁgures, belonging to the last stages of the stylistic
regional sequence, such as the archer squad, were also repainted.
This indicates that repainting practises took place, at least to some
extent, during the later stages of the execution of the paintings in
this shelter (Insert Supplementary Fig. 3 here).
Sixteen out of the 48 ﬁgures originally depicted with black
pigments were repainted (Tables 1 and 2). The chromatic sequenceova Remigia shelters. a-b. Goat. c. Wild goar. d. Female deer.
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can be observed currently both under the red pigment layer, using
colour ﬁlters, and on the edges, where it is not entirely covered by
the added red pigment. Not only does the red repainting not ﬁt
exactly the original black outline, probably due to an intentional
rectiﬁcation of the anatomical proportions, but the red strokes are
rough in contrast to themore accurate ones painted in black (Fig. 6).
Lastly, one goat of Shelter V (Fig. 7) shows some differences,
which can be appreciated after comparing with the cases
mentioned above. This is one of the rare instances of an animal
ﬁgure being partially repainted with red. Differences between both
execution phases are clearly shown, not only by the colour of the
pigments, but also by the quality of the execution itself. The small
and delicately painted black ﬁgure contrasts again with the rough
and careless red stroke.
A technical assessment of these repainting processes led us to
discard the use of carbon-based black pigments to make a pre-
liminary sketch of ﬁgures, completed later with red pigment.
Firstly, because the preliminary sketches, often found in Levantine
paintings, are always executed in the same hue but with a lighter
tone that is hardly perceptible on limestone (LopezMontalvo, 2008,
2011b). Secondly, only 33% of the ﬁgures executed in black were
repainted in red, which shows that the transformation was not
systematic, as it should be in the case of synchronic sketch and
execution.
We must conclude that this two-colour combination docu-
mented in Cova Remigia is certainly different to the two-colour e
red and white e synchronic combination (bichromie) documented
in earlier stylistic phases of Valltorta-Gassulla, and is probably
linked to the will to distinguish the repainting process by using a
different colour and modifying the silhouettes and proportions of
original monochromatic ﬁgures.Fig. 6. Hunting scene with male goat on Cova Remigia shelter IV (a). A very faint ﬁrst desig
appreciated on the hunter (b) and the wild goat (c). Image enhancement tools (Image J/D
original image (b.1, c.1). Digital tracing of the ﬁgures (bec). (For interpretation of the refer
article.)4.2.2.2. Graphic narrative appropriation. Two-colour combination
is also found in cases where there is no formal transformation but a
narrative re-appropriation of the existing ﬁgures. Only two cases
have been found in Cova Remigia: a wild boar (Fig. 8a) and one of
the human ﬁgures shot by the execution squad described above
(Fig. 8b). In both cases appropriation is shown by the addition of
one or several big red arrows crossing the ﬁgure, but in none of
these cases we observe a transformation of the original narrative, as
both ﬁgures were already shot by arrows in the earlier version.
Nevertheless, it is possible that the graphic-narrative appropriation
coincides with the repainting phase exposed above, at least in the
case of the execution scene.
We must point out that similar cases of graphic appropriation
can be found in many Levantine sites. They are clearly identiﬁable
by differences in tone and density of the pigments used for the
arrows added to animal and human ﬁgures. Nevertheless, this is the
ﬁrst time that appropriation by means of different colour has been
documented in this area.
5. Conclusions
For the ﬁrst time, carbon-based black pigments have been
identiﬁed in northern regions of the Levantine territory, and they
were repeatedly used in the Cova Remigia shelters. These ﬁndings
completely change the technical patterns known so far in the
Valltorta-Gassulla area, where black colour was rare, while analyses
have proven the use of manganese as raw material (Roldan et al.,
2007, 2010).
EDXRF analyses allowed us to identify the carbonaceous nature
of black pigments in 25 ﬁgures from Cova Remigia, and led us to
propose the use of carbon-based black pigments (probably char-
coal) as rawmaterial. The presence of carbon in the black pigmentsn in black and a repainting in red that corrects it, or does not respect it, can be clearly
-Stretch) have been used to better distinguish red and black layers (b.2, c.2) from the
ences to colour in this ﬁgure legend, the reader is referred to the web version of this
Fig. 7. Wild goat painted in black that was partly repainted. An intense red stroke recreates the outline of the animal body. Image enhancement tools (D-Stretch) ease the
observation of black pigment, bad preserved (left below). On the right, digital tracing of the ﬁgure, distinguishing the two pictorial phases. (For interpretation of the references to
colour in this ﬁgure legend, the reader is referred to the web version of this article.)
Fig. 8. Graphic-narrative appropriation of ﬁgures on shelter V. a. Image (a.1), colour ﬁlter enhancement (a.2) and digital tracing of a wild boar. b. Image (b.1), colour ﬁlter
enhancement (b.2) and digital tracing of a human ﬁgure in prone position from the execution scene. In both cases the appropriation process is carried out by the addition of one or
several red arrows in red. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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spectroscopy and SEM-EDS analysis, which is in agreement with
the hypothesis derived from EDXRF analysis. Therefore, portable
and non-destructive techniques as EDXRF spectrometry, combined
with SEM-EDS and Raman spectroscopy, are suitable for deter-
mining the nature of black pigments used in Spanish Levantine rock
art.
The stylistic and technical analyses of ﬁgures painted with
carbon-based black pigment in Cova Remigia point to particular
patterns with respect to the use of this pigment. First of all, the
number of well-preserved ﬁgures, even if it is smaller than the red
ones, questions the idea, so far accepted in spite of weak evidences,
that black was hardly used in this environment. It is worth noting
that carbon-based black pigments could be less resistant to
weathering conditions than mineral-based pigments, so it is
possible that the original number of ﬁgures was higher, as the re-
mains of incomplete and badly-preserved black motifs seem to
indicate. Secondly, the stylistic features of black ﬁgures suggest that
the use of carbon-based black pigments was more extensive during
the last phases of the stylistic sequence of Valltorta-Gassulla.
Finally, one of the most interesting patterns in the use of carbon-
based black pigments is the transformation of some of these ﬁg-
ures by means of two-colour combination. This can be a result of a
repainting/reconstruction process or by a graphic re-appropriation.
Through the analyses carried out at Cova Remigia we can establish
that this two-colour combination originates in a phase which is
posterior to the original execution of the ﬁgures. It is either the
product of a complete repainting of ﬁgures with a red pigment,
basically haematite, where rectiﬁcation of silhouettes and propor-
tion, sometimes less precise, can be observed, or the addition of
narrative “nexus,” in the form of arrows that impact on human or
animal ﬁgures reinforcing the appropriation of the original narra-
tive. Exceptionally, we can also observe a partial overlapping of the
silhouette. It is not possible to establish the time span between the
two pictorial phases. However, taking into account that some of the
repainted ﬁgures belong to the terminal phases of Levantine cycle,
repainting processes have taken place, at least to some extent,
during the last stages of rock art elaboration in Cova Remigia.
The identiﬁcation of carbon-based black pigments in Cova
Remigia is the starting point for future studies. First of all, the
characterization of the chaîne operatoire of pigments, handling in
order to get a better knowledge of the raw materials and their
preparation processes, can lead to an appraisal of the social codes
that regulate their utilisation. Finally, the identiﬁcation of carbon-
containing pigments opens the possibility of radiocarbon dating,
which could be a crucial step in establishing the chronology and
authorship of Spanish Levantine rock paintings.
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